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An inflationary stage dominated by a D-term avoids the slow-roll problem of in- 
flation in supergravity and can naturally emerge in theories with a non-anomalous 
or anomalous U(l) gauge symmetry. In this talk advantages and disavantages of 
_D-term inflation are discussed. 



Prologo. It is by now commonly accepted that inflation looks more nat- 
ural in supersymmetric theories rather in non-supersymmetric ones. This is 
because the necessity of introducing very small parameters to ensure the ex- 
treme flatness of the inflaton potential seems very unnatural and fine-tuned 
in most non-supersymmetric theories, while this naturalness is achieved in 
supersymmetric models. The nonrenormalization theorems in exact global su- 
persymmetry guarantee that we can fine-tune any parameter at the tree-level 
and this fine-tuning will not be destabilized by radiative corrections at any or- 
der in perturbation theory. This is the advantage of invoking supersymmetry. 
There is, however, a severe problem one has to face when dealing with inflation 
model building in the context of supersymmetric theories. The generalization 
of supersymmetry from a global to a local symmetry automatically incorpo- 
rates gravity and, therefore, inflation model building must be considered in 
the framework of supergravity theories. The supergravity potential is rather 
involved, but it can still be written as a Z?-term plus an F-term, and it is 
usually supposed that the D-term vanishes during inflation. Now, for models 
where the D-term vanishes, the slow-roll parameter ij — M^V/V generically 
receives various contributions of order ±1. This is the so-called ry-problem of 
supergravity theories™. In supergravity theories, supersymmetry breaking is 
transmitted by gravity interactions and the squared mass of the inflaton be- 
comes naturally of order of V/Mp^ ~ H 2 . The perturbative renormalization 
of the Kahler potential is therefore crucial for the inflationary dynamics due 
to a non-zero energy density which breaks supersymmetry spontaneously dur- 
ing inflation. How severe the problem is depends on the magnitude of r\ and 
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it is crucial to notice that the amount of fine-tuning needed is directly indi- 
cated by the present data on the cosmic microwave background anisotropy. 
Indeed, having rj not too small requires that the spectral index n — 1 — 6e + 2rj 
(e = iMpjfy'/V) 2 is another slow-roll parameter) be not too small, so the 
observational bound \n — 1| < 0.3 is already beginning to make an accident 
look quite unlikely. Several proposals to solve the ^-problem already exist in 
the literature and we refer the interested reader to the long reviewB for a com- 
plete list and discussion. In this talk, we will restrict jjmrselves to what we 
believe is the most promising solution: D-term inflationQ&El. D-term inflation 
is based on the observation that rj gets contributions of order one only if in- 
flation proceeds along a D-flat direction or, in other words, when the vacuum 
energy density is dominated by an i^-term. On the contrary, if the vacuum 
energy density is dominated by nonzero D-terms and supersymmetry break- 
ing is of the D-type, scalars get supersymmetry soft breaking masses which 
depend only on their gauge charges. Scalars charged under the correspond- 
ing gauge symmetry obtain a mass much larger than H, while gauge singlet 
fields can only get masses from loop gauge interactions. In particular, if the 
inflaton field is identified with a gauge singlet, its potential may be flat up to 
loop corrections and supergravity corrections to r\ from the F-terms are not 
present. 

How it works. If the theory contains an abelian U(l) gauge symmetry 
(anomalous or not), the Fayet-Iliopoulos D-term term £ J d A V = £D is gauge 
invariant and therefore allowed by the symmetries. It may lead to £)-type 
supersymmetry breaking. It is important to notice that 1 ) this term may be 
present in the underlying theory from the very beginning; 2) it may appear in 
the effective theory after some heavy degrees of freedom have been integrated 
out; 3) it looks particularly intriguing that an anomalous U(l) symmetry is 
usually present in string theories 0. The corresponding Fayet-Iliopoulos term is 
£ = 192^ TrQM|j, where TrQ ^ indicates the trace over the U(X) charges 
of the fields present in the spectrum of the theory. The U(l) group may be 
assumed to emerge from string theories so that the anomaly is cancelled by 
the Green-Schwarz mechanism. In such a case -y/C 1S expected to be of the 
order of the stringy scale, (10 17 — 10 18 l.GeV or so. Let us briefly remind the 
reader how D-term inflation proceeds oH. To exemplify the description, let 
us take the toy model containing three chiral superfields S, <&+ and $_ with 
charges equal to 0, +1 and —1 respectively under the Z7(l) gauge symmetry. 
The superpotential has the form W — AS , $ + <i>_. The scalar potential in the 
global supersymmetry limit reads 

V = A 2 |5| 2 (|<M 2 + |0 + | 2 ) + A 2 |0 + <M 2 + f (I0+I 2 ~ I0-I 2 + (1) 
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where <f>± are the scalr fields of the supermultplcts g is the gauge coupling 
and £ > is a Fayet-Iliopoulos _D-term. The global minimum is supersymmctry 
conserving, but the gauge group U(l) is spontaneously broken, (S) = (0+) = 
0, {<t>-) = VC- However, if we minimize the potential, for fixed values of S, 
with respect to other fields, we find that for S > S c = j;V£, the minimum is 
at (j) + — (f>- — 0. Thus, for S > S c and cf) + = <j)- = the tree level potential 
has a vanishing curvature in the S direction and large positive curvature in the 
remaining two directions m\ = A 2 1 ^ | 2 ± <? 2 £ For arbitrarily large S the tree 

level value of the potential remains constant V — 4j-£ 2 and the S plays the 
role of the inflaton. As stated above, the charged fields get very large masses 
due to the D-term supersymmetry breaking, whereas the gauge singlet field 
is massless at the tree-level. What is crucial is that, along the inflationary 
trajectory <p± = 0, S 3> S c , all the F-terms vanish and large supergravity 
corrections to the 77-parameter do not appear. 

The one-loop effective potential for the inflaton field reads Vi-\ oop = 

2 / 2 ^2 I e|2 \ 

^>~£ ( 1 + yf^-hi g-i J . The end of inflation is determined either by the 
failure of the slow-roll conditions or when S approaches S c . COBE imposes 

— A V 3 / 2 

the following normalization 5.3 x 10 — tttttt- T his gives with the above 
v m pi 

potential %/Ccobe = 6.6 x 10 15 GeV. Notice that his normalization is in- 
dependent from the gauge coupling constant g. The spectral index results 
n = 1 - f = (0.96 - 0.98). 

Advantages and disadvantages. Now, are we happy with such a COBE 
normalized value of £? The answer depends upon the origin of the FI Z?-term. 
Let us distinguish three different options: 

* The Ugly: Since the FI D-term is not forbidden by any symmetry, it 
may be put by hand in the theory from the very beginning. If one is ready 
to take such step, successful D-term inflation scenarice in the framework of 
supersymmetric GUT's have been already constructed!!! 

* The Bad: The D-term is generated in some low-energy effective theory 
after some degrees of freedom have been integrated out. However, to do so, 
one has presumably to break supersymmetry by some -F-terms present in the 
sector which the heavy fields belong to and to generate the D-term by loop 
corrections. As a result, it turns out that (D) (F 2 ), unless some fine-tuning 
is called for, and large supergravity corrections to rj appear again. 

* The Good: The Fayet-Iliopoulos term is the one emerging from string 
theories and the U(l) anomaly is cancelled by the Green-Schwarz mechanism. 
This is certainly a positive aspect. Let us discuss some other aspects of such 
intriguing possibility: 1 ) since in realistic models there appear a plethora of 
fields and many of them charged under the anomalous C/(l), one has always to 
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check that during inflation there is no field which is allowed to take expectation 
value of the order of thus making the D-term vanishing and stopping 
inflation. This analysis seems to be missing in the literature; 2) in string 
theories the FI D-term is dilaton-dependent and we do not know how the 
dilaton field behaves during the inflationary stage. A common assumption is 
that some mechanism stabilizes the dilaton and that the latter is reduced to 
a frozen degree of freedom during inflation. This assumption might turn out 
to be completely wrong; 3) the value of is expected to be of the order of 
the stringy scale, (10 17 — 10 18 ) GeV or so. This value is at least one order 
of magnitude higher than the COBE normalized one. How can we solve this 
problem? One possible solution to the mismatch between the stringy and the 
COBE scales is to go to the strong coupling limit of the heterotic Eg^Eg string 
theory compactified on a CY-.mamfold and described by the 11-D M-theory 
compactified on CYxS 1 /Z2 Here the fundamental scale is the mass scale 
M11 associated to the extra 11th dimension. This scale may be much smaller 
than Mp\. However, it is not clear whether Mp\ will be replaced by Mn in the 
expression for the FI D-term and, if so, whether this will be the only change 
in the theory; 4 ) another point we would like to comment on is the following: 
when the field 0_ in the toy model described above rolls down to its present 
day value (</>-) = V? to terminate inflation, cosmic strings may be form since 
the abelian gauge group U{1) is broken to unity. As it is known, stable cosmic 
strings arise when the manifold M. of degenerate vacua has a non-trivial first 
homotopy group, Hi(Ai) 7^ 1. The fact that at the end of hybrid inflationary 
models the formation of cosmic strings no-ay occur was already noticed in the 
contextjiif global supersymmetric theories^ and in the context of supergravity 
theorie£3. In D-term inflation the string per-unit-length is given by fi — 2tt^. 
Cosmic strings forming at the end of D-term inflation are very heavy and 
temperature anisotropies may arise both from the inflationary dynamics and 
from the presence of cosmic strings. From recent numerical simulations on 
the cosmic microwave background anisotropies induced by cosmic strings E3 
it is possible to infer than this mixed-perturbation scenario E£l leads to the 
COBE normalized value yf£ — 4.7 x 10 15 GeV, which is of course smaller than 
the value obtained in the absence of cosmic strings. Moreover, cosmic strings 
contribute to the angular spectrum an amount of order of 75% in D-term 
inflation, which might render the angular spectrum, when both cosmic strings 
and inflation contributions are-summed up, too smooth to be in agreement 
with present day observations 113. All these considerations and, above all, the 
fact that the value of is further reduced with respect to the case in which 
cosmic strings are not present, would appear to exacerbate the problem of 
reconciling the value of suggested by COBE with the value inspired by 
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string theories when cosmic strings are present. However, even though cosmic 
strings are generally produced, this is not always true and the question is very 
model-dependent. Indeed, in string theory model building there appear often 
many abelian factors and the issue of cosmic string formation must be analyzed 
case by case. Of course, the most preferable case in the one in which cosmic 
strings do not form at all. In conclusion, an inflationary stage dominated by 
a D-term avoids the slow-roll problem of inflation in supergravity and can 
naturally emerge in theories with a non-anomalous or anomalous C/(l) gauge 
symmetry. In the latter case, however, the scale of inflation as imposed by the 
COBE normalization is in contrast with the value fixed by the Green-Schwarz 
mechanism of anomaly cancellation. This makes life even more interesting! 
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